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(57) Abstract: COPYRIGHT: (C)1999,JPO 

PROBLEM TO BE SOLVED: To constitute at low cost the 
whole device and enable miniaturization by providing a 
switch means selectively connecting any one of element 
antennas in a circuit generating a bead signal in a 
receiving part. 

SOLUTION: A radar device is provided with a 
transmission part 1, an array antenna 2, a changeover 
switch part 3, a receiving circuit part 4 and a digital 
signal processing part 5. A receiving part is 
constituted of the array antenna 2, the changeover 
switch part 3 and the receiving circuit part 4. With 
regard to the radar device, the array antenna 2 
comprising a plurality of element antennas is used as a 
receiving antenna, a signal received by each element 
antenna is digitized, subjected to conversion in the 
post-stage digital signal processing part 5 for the 
phase and amplitude, and directivity of the receiving 
antenna is formed by compositing the signal of all 
element antenna channels. Accordingly, if the conversion 
amount of the phase and amplitude is changed properly to 
be converted for the signal captured temporally, desired 
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i ] m-i&m.^m $ tu 

fflE j£« i «WcR*t 5 ft tz wm& £ t Lt 

Htife-rv^^H'- IMf-f-trffl^TT-'f v*;v • If- A • 
*□ Srfl T ff^ j&affi tifi^FM-CWV- ^JM »= 

m <r> + -enriattSfco*?- r>f+oHi5iaRL, »#? 

Kt4 t <?)T"ife4 i i: Jtfi: FM-CWl/-/i 

tto 

2 \Z% fift CO fm-cwv- yit„ 
[#&^wi$ffl&I&iJ] 

[0 0 0 1] 

ilSevS. iifttLt:fflv>*FM-CWl/-^iti:M 
fa *>«o-c*t5, SitStf^v'^JU- if- a 
(DBF) tcj: OiSJjKt" 4 FM-CWV 

[0 0 0 2] 

[^SftcoKflf] DBFBOV-fWIiU, fl¥6 
- 8 8 8 6 9#lcfB*fe?^7tfe<0^ab4o -C0^*C0V 

trtCRF7>7\ 5^-9% ^w/w*, A/D^mfp 
/5 s ffiic$ftTfe 15 , #A/D'£#i^!btl3#£ft&T-V 
y^^ifrf'-f v * ;u • tf-A • y*-< >r ■ i'u 

•fe•y•9-^c)T)^.^5iL^t;\ *J 9 • fcf-A • "7 * - 5 > 
[0 0 0 3] 

[ftH LiUtilWl Htt , v - -e 
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v>£^\ icoio iS«-eifttl,7tnyf;q * 
[0 0 0 4] ±J6Lfcfi!3tlOV-yiiE«t?Ji, 3tH=-7> 

-c-^WtcoTi-vy-rstj x^Sf* 15 , ^i^n^ 

[0 0 0 5] 

fci&W^&l ^IP^OFM-CWV- 

l7>ftt*SIU #St : f- 7 > t- -jr f- -v * ;u gij H£Hi 
20 vft t ?ficoa-eab & if- h ;o vf- b 

[0006] ftfltwii, tf- m-S-fcfeJfti-iHttK:* 

^«^7>rf-Mlcfev>T»^«)^*#.l5iILfi ; d 0 -?- 

[0 0 0 7] i<0±T t-»*StL/i2fc|&?i<9FM-CW 
v-^«U±ftli\ ««#«o«saftf^t:J:»», tf- 

fift t ^ffirS t o-g-a: \z «t 4 tf- h ft 

5 *^m&mzm^T>TT-mzmi£ir2>£-mi)m< , 

[0 0 0 8] L*t, «J»¥St±, Svfeifc^PO^OiE 

l nxi o «v * -emmco*-?- 7 > t- ± 03 -u * 

^ILffvN m*iHffl^ao-r* : f-7>T-T-coii^(75a^ 
^-tJ-tir^^fte-fr^i ti:i i5*^-7>f-t-col-'<Tco 
miRmi tt0ftOT\ ja^^pW#.i5iEL«ffi<0— 

50 [0009] »«fij»*t=ir- nt-ig-i^vyj 
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[0 0 10] SJ&fMgli, «T-T>T-±W-o?r^m# 

fiv»t«R-r* ct#IiL<, i-fftHT.!^ JH?£» 

[ooii] s*aieiiio«ft>3 3iL««wfig»iEm*** 

w m k g nft t osggi^f t-r sit 
"K 3MWfeott*<*ftLrL*To 1-ftfr 

*T-r >f"^-*«3ft*oiBi«rtt)6«+»ttt«t?* ft 

^ r > 7- 7-pm<d r > 7- t nm^ftM & it lE-r n 

i£> ro— JBJJ!i*n?£t*^ 7 > T-*-* "b ofll**flli 
tz t £ t |S]*<7) D B F ^-jft^-c i 4 „ 
[0 0 12] 

[#PJ3o#?;feoBJi] 0 l tt*#HP!0>— aaBBH-e** 
(CW) (cJ3i%%$M (fm) * tut fc jgflMre * 

fflV^FM-CWl/-^lf*l), lc, f-O'H 
[0 0 13] 44dfe^lRoAfm«*A£J:aWf^«K 

bj-t 4 (o t, fm-cwv- ym.rn.vwMM 

[0 0 14] !2iJiO i l3 I±FM-CWV-^SJH 

ana*^-rtt»H-e*4o 02 (a) j±, s«a?s»o 

$ *L*:S«JHiMSk«>lfcf fc t Lfc ^9 V "C* 
DiELJBftftttf mfibS. II 3 (A) l±, 

*©**tssitiw»-e4 < at* v <n t § n^mm^^mt 

-9-£J:a%mk03ttil(±H2 (A) tleJUT'^So 
[0 0 15] 02 (A) d3±I>*0 3 (A) i«i 
5 ft^f-ff-f-^ftl+LTV^ fc § 0>3MMHH4, lit 
fc § Kl±m*KJ& Cfcl$IB]«*lT (T 
= 2 R/C : C (iftGD^Se) *ft»t, 
&Y<Dt # KteKKKSCfcHf WilttT fc, 

ffia-tsa^scfii^Disit^it^jio ftfc\ 0 3 

(A) Karfttli, $««^I)7£ib5^^9 7K£^T 
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[0 0 16] iO*«fl|*^JtLTaS««*^-»S:^ 
^v>nnif, tf-HS*#»6*L4 0 El 2 (B) 45 

jots 3 (b) i±, f^nsi!»(7)was^ot 

^fcVoofc haifeScSr^l-^^^t?*^, 

i±**L-r*L|H2 (A) 45*0*18 3 (A) fc* 

[0017] v> 4 , fflttJSJS tf^co fc § o tf- b ®y£ifc 

1^ f b 2 fci-^fc, 
fbl = f r-f d ••• ( 1 ) 

f b 2 = f r+fd — (2 ) 

[0 0 18] Lfci'ot, SIH-fr'f ?)l><OT yy°\Kffl£ 
W>WtSiW~ VWSLWcf b 1 43J:LKf b 2 SrSU^U 
fflte-T^tf, ^ (3) (4) rfiitff dt* 

a6 4 c fc § 4 0 
20 [0019] 

f r = (f bl + f b2) /2 — (3) 

f d= (f bl-f b2) /2 »• (4) 

f r&£&i d3i***ixtf^ ES»^^StRfc?SKV^r 

(5) (6) J: Ij^toii fc**T?S* 0 
[0 0 2 0] 

R= (C/ (4 • A F • f m) ) • f r - (5) 
V= (C/ (2 • f 0) ) • f d - (6) 

[0 0 2 1 ] ClODJ:^ ULTfil:coif-A^[p]Uov^T 
50 a co Rio J: O^igjg v i 4 c: fc § 4 o 
-e, if - A *** ft # 6 R 45 J: t^aflE V * HGfc 

[0 0 2 2 ] HI l^t**MSOFM-CWV-^ 

M-CWl/-/tttl±, a&0*^-T>-r-?-^e>a:4 

■r "CSfl L t^«^ S: ^Mtltf cofiffi fc 
lfcROfl|*»S«|J*c43V^rj6|fcL, S&J^ iaFT-TV 

19 a ^ iz# L T fiffi fc <v m&m. % tL x 

[0 0 2 3] 3S«»l^ 7V-7> 

7^^2. fiJJfc^-f y*-»3^ S«E»»4, fiAtf-f-f 
y^^ftf!W5 Sr«x.T43»9, 71/-7>rt2, 
>f y ^» 3 45 J: ^SflllBftff 4 J: %mmm 

[0 0 2 4] 3S«»1 tt, f 0 (fcfcictf 

50 7 6 GHz) 0*E£iW«lffl»S»l 1 fc. *V7tT> 
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-f\ 2 k, ?SjST y T"f~ nt, RFT>7°14^f 
aB*feta*5*L*««EEUJ:oT. f 0+AF/2O 

r>7°i 2T?if«s^ aiflir>T-^i 3*e>*aafci: 

LTtelt^n^c &±3 > «liRFT>:/l 

ffitfSft&o 
[0 0 2 5] §fffl7b-7>ft2l±, 
(CHI) *»C>»9f-^^;i/ (CH9) iW#ft^ 

-f v *W 3 f±, X >f y 7 ^ftUftlfflS 3 2 

-f y *«IHP» 3 2*?, (DW&IB-^rlz X *9 

[0 0 2 6] Sr«EB&ffl5 4<±. RF7>7°4 1, S 
4 2, T>*7°4 3, V 4 )V9 A A&ZTfA/VmSk^l 

£ft£lt-§-, i"4rto*», 7 1/-7>ft2 GD^Tft^O 
T > t- ^ L t± , RF7 >7'4 It?** 

£ft, 2tRF7>^l 4*f)(7)Mftf 

ffi t ^ * v > 7 £ ft 4 o -<7)^y>^"i:i: 

*T?**tf-h«*#*fc*Sft*o lf-h«*l±, T> 
7 a 4 3i3J:r/n-y^ -7>f 4 4 Sr^LT A/DjEft 

£ft£o 

[0 0 2 7] t-v v**;HB*#fcSW5«±^ A/D^mt? 
4 5^^fV v*;i/tf — hff CMltfV v * • 
kf-A - 7*- 5 >^ (DBF) &3£ifeU ^Ofj^ 

[0 0 2 8] -tOJ:i t:«$^:FM-CW 

[0 0 2 9] H4 li^OFM-CWV-^f^ftftr 

[0 0 3 0] i4«07U-f Mlio^T, i 

y >^^^<7)#-?-£^U jii=ft«H^)7 7 
^EW^ J:^^>EWO^ft^ft^tt4S«*<7)* 

Utv^o **M«Ttt, i lil-9^ti t *9, j 
(±1 -N^ttSri: 19, k i± 1 - 4 <7){6£ k & Q 
[0 0 3 1 ] ST, X^y 4 1 Ki3V>T i, j, k 
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Sr*ft-PfttO»Mtt?*4 TlJ KIfce-*-£o ov^tr, x 
x'7"7°S 4 2-e-*f>-7°U >^u>y *«-5§-tf>JRSJZIHT? 
*4*5*tflWr4o *Wlt(i=^trSI^7 
* -/ElWis ixftrv >EIBo*ft^fto*5fcW*^&E 

>EIW*4^M±y^>EIB*'bTyrE W-^o fcjSiffi 
»(cJtRLT#EIWO**»oi&7i^^U-TU^ i £ 

[0032] ^ n y ^ jg -S-Ut&EM "t?*fttf ^ -X t- 7 "7° 
iO S4 3rgtS4 4i:fffL, ^n7^if(7)X7v?: 
jtffiL^t^f7 7 P S 4 5 iZ#fr LTX-f y^ff 

3 l oftjlfe7& s ff^ft4o i = l "C*4*^ 

ICiot lfi^t?7>ft*X^ 3 1 ti 

SI^Mo z<nx<t vf-wm^X >K iif?-7>7 

ft, tOH- h«f^A/Dt3IS4 5 U^ft& 0 
[0 0 3 3 ] Xf7 7°S 4 6"c^U7^1S8 

(1/fsw) <0 1/2<a»E*fro7fc11fe. Xf77°S 

4 7fA/DS«S4 BUtilf- Hf«0A/DfI 

5 0/^ 7 7 7(:l^itfo Xf 7 7°S4 6 0IK > — 
D <D T > f - ^SSffl M * ffeRfrflC t? A / D S 

A/DSElfetffd C:ii35»-r?*S 0 ifc. fv^^-F 
fl-9-fl)/<7 7r^lSH)ft*li, *K„ i, 

j, kgij, Jo, Ty/Sfcli^xoEIWBUKfTdo 
[0 0 3 4] C0 1HOA/DS2lR*%T"r4k. 
7 7 P S4 8i:ffi : t^o iti*??RStl>^f7 7 p S4 
8*^^T77°S 5 7<Dmmi±, M^^f yf-W3 
50 n S« EI Eftffi 4 5 ft 4 «^ r > -r f - O HK# * 

t*7n-t*4 0 io**»jR"ett. mmmmom 

t) il L jam * 4 EMg o T^T- T > r- ^ ^ * ;u coilJR 

[0035] m5im^r>'ri-^^^^(omiRmi7^ 
£ 0 ch. 1-ch. 9(±, ii^^g^t^/ 

<d?4 $ >{r^mto ia*A j t , i-<i"4 7t:*c 

40 #^-v*;wo»«WFHI (^>f^Jimi) Srtft«5 1fc 

[0 0 3 6] £^Bh5»<b*>a*4 id ^, »lEKIt?tt» 
1, »2, aPS^TVr-^SrWlL-Ciftfe*)!^* 
t9iELS^i-4o «2ESt(iil, #4, ^5*?*T 
>x^*aKLTiftfe*«U*l0iSL»«i-4o »3 

EHti±»i, fee, »7*^*r >7"^^3llRL-r-ft 

50 i~4 0 
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[0 0 3 7] *1*FT >T"^«±. K*^T>T-^-^ 

S<ff L If — h it D B F^SEOI^O 

[0 0 3 S] Z<D£i =tt?7>ft^lMS : rffi 
tztb<nXT-v 7°S 4 8i^Xf77'S5 7^i!fcffit±o¥ 

[0 0 3 9] Xf77°S4 8tli:i =l**5*S:*JBf 
L> i = 1 T?**L(fX7 L y 7°S 4 9 UjtA,"? i 4: (i + 

(2k-l) ) H«SIU i = ltiitit»f7ys 
5 0 U5tA,-C i * ( i + 1 ) i:f«fl) 0 X*r 
7 7°S 5 1 K±3V*T i tf ? (2 4- (2 k - 1 ) ) i 

[0 0 4 0] ^4. i = k = 1 Xf-y*7°S 
49i:i^i=2tU *x y */S 5 1 <0¥lJEBf&#5T 
77°S42C1^ Xt77 s S42-S471:J:11 
* 2 *f7 > T^"T*§il L fc«*<07*y * ;Hf - h 
Sr/<y yrlzWiOiLifa Z(7)m&Xl* i =2"C*4*»fe 
^777°S48^^f77°S50 iiZmfLX 1=3 t 
5r<K S^T7 7°S 5 lH^fy^S 421:1^ 
^t77°S42-S4 7 K J: »)*3* : F7>ftt-Si 

[0 0 4 1 ] Wi^X, 77°S48^^^f77 0 S5 
0i:WfU i =4 t%Z>t^ Xr-vfS 5 1 tN±5j& 

mm&% s -X t 7 7° s 5 2 uw? it i = i icwsg 

[0 0 4 2] *<D^ 7 7°S5 3C^TLTj^N 

*3 * t & 7 > -r ^ * * ;w SO <D * > "7° U > ^ft-c * 
0. ££t?ttfllx.l£, N = 1 2 8 KWa&ZtLX^&a ^ 
ij=2t'*4OT, i = 1. j=2«tXf7 7° 
S 4 2 \zm&a ^(K'ik, ^T7 7 S S 52tj=3til) 

[0 0 4 3] ja»RI»fc, #l-»3itT-7>7^^ 

7°S 5 3 <D$lVHzi3\,*XAv"y7S 5 4 iz&ff U j CO 
ttfcttJBifrt?** TlJ i:lto 
[0 0 4 4] od<^f 7 7°S 5 -*-*l4T?Ot' 
v * ;v fcf- h ^#JR *) £v^fti^7 7 rEB-CfrfcfLjfc 
4 >e in -elf *>*u& d ^)*»*flBfi-*o 

T y 7°E coffi 0 a**%T LfcU^t^^^P), 7, 
f7 7°S 5 5O*0Bf"Cte55e3tU Xf77°S 4 2 CI 

-PtLl 2 8^>7 P ;U-fo^l)iitPo 
[0 0 4 5] *lEB(0^ r '>>|ZWO7*y^^Vf- Mf 
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^^5kfri)H£T'tZ>t^ Xf77S55^^f-;*/ 
S 5 6 Cflffltk^ (k + 1 ) Ctl^t^c V>4> 
k = 1 t£<DX\ Z Z. X k = 2 £ & <9 > 77'S57C0 
2pJBF*e"C. 77°S4 2^I4 0 
[0 0 4 6] t^f(OXf 77°S4 2^bXr77°S5 
5 4t?0*B«S:*fcl5jgi-C:fcUJ:l!). »2EI1C07 7 7° 

J: o U» 1 . » 4 . » 5 ^7 > x^ra^foiiRSft, 

10 [0 0 4 7] Tstv 7°S 5 61Z&^X, k = 3t%2> 
*3EB^)77 tTZIH ±3 J: £/^7 >Eri(7)fjifli 
KJ3V>"t\ i5l:^fj;^:il, »6. »7*^7> 

r y 7° e m ±5 x xf v 7 > e n co -t i\ ti ic ±5 v » r , * 

[0 0 4 8] &±<09B&.iP#t>&t^ ft?7>7tf 

4o Cico^^, kcojt(±XT-v 7°S 5 6 tk = 5 <h & 

^T-y 7°S 5 7<?5flBflCl5^TH-5eS^ ^7 7 7° 
S 5 8 l^fftio 

[0 0 4 9] X77 7°S 5 8-e(±^^^;i/gijofi#FF 
TSLS. DBF-fr*fiJ:O f -tO«F*tcafe^< lHWfrO 

BKifta^fciXSo X777°S5 8 0ffeii, 7>77 7° 

S4 1ClUliiffflL»l^TV\ filftiiLt 
»*) ill" o 

[0 0 5 0] o^;, t'v* ^ ;HS-S-jaa» 5 Cistt^D 
30 BF^<50#)iI*Il6O7n-^-^- htfv^RWt 

O 

[0051] ^f';^S6 0 -C(±, DBF ^-fiK^flJ^S 

t L r , * *ai tc ■f v ^ ;nf- h uid- L 

fFFTlIJiL, x-f-y/S 6 1 T-dW^ir-A-gU 
FFT-r-^^rM^^tfo ^(OFFTillCiot, g 
Wm KJ£ t fcJl«CD If - ^ -v ^ AglJ (C# hixh 0 
DB F£-J&l±, H«t*lf-^ UitLT«RttUff^.»f+ 
55-T&&^f>, Xf77'S 6 2T?l±DBF^)S;* ; ff^JWl 

40 [0052] o§-jc, x-^-y -rs 6 2-ettm$tL^atjt 

[0 0 5 3] fy?)Hf- h«-f-^^t9 iitf Hrfitfc^lS 

offl « e w *** ft *t , ^oiciiw^o mma&ttt. 

50 Ltv^tfi^Wot*, #SWEHt?S:««-^5L=ffi 
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[0 0 5 4] iO*Jfc»]Kt?l±, $i«fr> 

> fttfM tTtrjf *Ofy * 71/ If- h 

[0 0 5 5] *2 JBfflEH"T?tt, ® 1, JM, iSfl 1 

•zrfr iitziim t tn 1 jbjhkiw-c* 13 1 m 

fr/rtOfy^^H - h «-§§■* f# tLfcfifcffi t cr> 
{£1§M£*£>& 0 fit, «P4£ i^SSS^T^T-^ 

[0 0 5 6] n»O»iE*»3aJ:0 f f|S4JHJI!EIIII"T?|f 
[0 0 5 7] Xt7 7°S6 4 1:1±, DBF^St-B5 

[oo5 8] ov^-e, ^77 7°s 6 6 ^wtsftaMRsti 

T v> & J&lntf! < ffiffi Q4Ed3 J: a**- * A/ m co ^ ^ 

[0 0 5 9] £^7>Ttft^iK;oi^^ 

li-^ja*Jft^H+*flWll*Jlllffli-4o 
[0 0 6 0] ^77"/S 6 Z<D^f&Lfz¥-? 

mtfcmzw't&mmnmm*, ^f^^s 6 2-c»tHL 

S****JWf"f*o DBF^t^lt^t(7)Mti:o 

SlfilAKSrO. 5Rf^ U B^77 7°S 6 3* 
f)^f7 6 9 iWftl^itft^o ^^x$r> -1 

os^t + ioKito. 5asai*-c4 mff^ - ttz 

[0 0 6 1 ] [16 ^i"FFT^ai3j:r/DBF^ 

[0 0 6 2] ogr^, *»M«>«o*ifc«]Bi*»wi- 
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[oo6 3] H7u^^t. hi tra— OR*U«±H— 

X^f7fgf6l±, H 1 <a-B0«* >f yf»3 klWd::, * 
>f y 61^^y ^Mfflffi 6 2 <h iHf x. & 0 * -f 

v^*#6 1 (iQlS^A^S^k llB^ffliJJII^kt:* 

*Bf««*UJ: 9 WW 3 it* J: ? Ciot^^fiti 

[0 0 6 4] ^nae&ffls 7i±, mi o^mmmz 4o> 

**4 2 tT>y"4 3 t<DfH[Zj F T > "7° 7 1 ±5 «fct>*f& 
2 ^^r-^7 2 SrE^JKJf XLfci*t4oTv»So 2 6 
-SD««*f s wJ; o ^ifc+^co/Sv«*^o«« 
*f iF*tB*^4l&ffi^7 3£*-f£o 

20 — -em ^m-tt, mmm^mmt t o t & if 7 e g h 

1 0 0MHz, Mfi"tMWctx.lf5MHz, If 
- h^Jffl^&76*7tfc£tfDC - 1 0 0 KH z-e*4o 
[0 0 6 5] B8I4, *ltl*3K]ffitCj3tt4«-^«taiie 

$*l»FM-CWW-^ittl±, Srffjf-^-1 3 

0 sr«i»^ >r v f-n 6 -eoifiiffir-s-ta u>*7i:i 

3 1 is J: VI 3 2 i:tiix.f:fi ^t4 2 
+ 3 3 it^>3>;^- ]> L, ntv^T, « 

iO 2 ^^r^7 2-Clf- Mf-^-1 3 4 b 

[0 0 6 6] H8Ui3V»"r, ttiftl 3 5(4^t42(7) 
f4 2tli, ^coy >f Xof^S^fiTi-^ I Fmitrco 

^42^ f>ev«iH2 3-^7 2-etr- bfli^-it?^ 

40 §^) 0 
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